MR was shown to provide excellent depiction of shoulder anatomy.
MR is a useful tool for imaging the musculoskeletal system. Exquisite depiction of the bone marrow rivals or surpasses other imaging techniques [1 , 2] . Soft tissues are clearly delineated because normal fat, muscle, hyaline cartilage, and fibrous tissue have different individual signal intensities [3, 4] . Radiation exposure is avoided and arthrography may be unnecessary.
However, the shoulder poses several unique difficulties for imaging with MR.
Because of space limitations in the magnet, the shoulder cannot be positioned in the center of the magnetic field. This necessitates shifting laterally for image centering and scanning in a region where the signal-to-noise ratio is low. Also, because diseases of the shoulder usually involve small soft-tissue structures, highresolution scans are needed to provide diagnostic information. This requires steep magnetic gradients, which decrease the MR signal. These problems can be overcome by combining high-resolution scanning with the use of a surface coil [5, 6] . Finally, the bony and soft tissues of the shoulder are oriented along multiple nonorthogonal axes, necessitating oblique scanning [7, 8] .
The goal of this study is to determine if MR allows detailed evaluation of the anatomic structures comprising the normal shoulder joint and to correlate the MR images with cadaver cryomicrosections.
Materials and Methods

Scan and Cryomicrosection Planes
The MR images and anatomic sections were made in the orthogonal planes and a frontal oblique plane along the course of the supraspinatus muscle. The oblique axis was required to visualize both the continuity of the supraspinatus muscle-tendon unit and the relationship of this tendon to the acromion and acromioclavicular joint above.
Scanning Technique
Seventy-five scans of 20 shoulders were obtained in healthy young adults. Scanning was performed on a Fonar Beta-3000 0.3-T permanent-magnet imaging system by using a spinecho pulse sequence with TA = 500 msec, TE = 28 msec. A 256 x 256 imaging matrix was used and was interpolated to 51 2 x 51 2 for display. Pixel size was 0.75 mm2. Slice thickness was 5 mm, obtained at 7-mm intervals. With four excitations, scan time was 8.33 mm for a multislice series of seven images. The amount of lateral shift required for image centering depended on patient size, varying from 80 to 120 mm from center toward the shoulder to be scanned. This was accomplished by manipulation of the radiofrequency to allow the imaging plane to be moved in any desired direction.
An 18-cm or 22.5-cm diameter planar surface coil was used, with the size determined by the body build of the subject. The coil was positioned obliquely over the shoulder such that its axis was perpendicular to the magnetic field. Foam wedges placed between the inner surface of the coil and the patient assisted in maintaining coil alignment and allowed for signal uniformity over the entire area to be imaged.
A standard position was chosen to provide consistency in anatomic relationships while maximizing comfort. The arm was placed across the abdomen (therefore internally rotated), and the elbow was elevated to parallel the humeral head.
An axial scan was used as a scout for the frontal oblique plane, which allowed precise sagittal-to-coronal alignment along the long axis of the supraspinatus belly ( Fig. 1) . AJR:148, 1987 MR OF NORMAL SHOULDER
Cadaver Preparation and Sectioning
Six fresh cadaver shoulders were used for anatomic study. Available cadavers were elderly and had degenerative changes. Specimens with major shoulder abnormalities were excluded after evaluation with fluoroscopy and, when necessary, limited arthrography. Aortic injection of plaster mixed with red dye forced deoxygenated blood into the venous system. Blue dye mixed with dilute radiographic contrast material was injected under fluoroscopic control into two shoulders to define the joint space. Care was taken to avoid excessive joint distension that would distort anatomic relationships.
After injection, the cadavers were frozen with the lower arm across the abdomen, causing internal rotation of the shoulder similar to the position used for scanning. The shoulders were then block resected, cryomicrosectioned (LKB 2250, Bromma, Sweden), and photographed at 0.5-mm intervals [9] . One shoulder was sectioned in each of the axial, coronal, sagittal, and frontal oblique planes. Because of the superior depiction of several structures in the axial and oblique 85 projections, sectioning in these two planes was repeated on the shoulders that had been injected with blue intraarticular dye.
Results
Although
the plane of optimal visualization varied, MR depicted the humeral head, acromion, distal clavicle, acromioclavicular joint, hyaline cartilage of the glenohumeral joint, glenoid labrum, rotator cuff muscles and tendons, joint capsule, and the coracoclavicular ligament. The subacromial-subdeltoid bursa is not distended with fluid n the normal state [1 1 , 1 3] . This flat but expansive potential space is represented by a thin band of high signal intensity, corresponding to abundant fat both within and beneath the synovial lining [1 0, 1 1 , 14] .
Axial scans (Fig. 2) clearly show the anteroposterior alignment of the glenohumeral articulation.
The inferior humeral head is oblong, and the posterolateral aspect is noticeably flat. Continuous with this surface is an indentation on the posterolateral aspect of the midhumeral head. Both of these regions lack hyaline cartilage and serve as sites of attachment for some fibers of the teres minor and infraspinatus tendons. The head becomes progressively rounder superiorly. Marrow within the humeral head is inhomogeneous because of the oblique anterior-to-posterior axis of the physis. This appearance is especially evident at the level of the mid-head but may extend quitefar superiorly. Axial scans provide good depiction of the low-signal glenoid labrum. The shape of this structure is significantly influenced by the position of the humeral head [1 0]. With internal rotation, the anterior labrum is larger than the posterior at all levels, and its apex is pointed. The contour of the posterior labrum is smooth throughout. A thin rim of medium to high signal intensity allows the labrum to be seen as separate from the adjacent capsule and cuff tendons. This corresponds to synovial folds that extend into the joint cavity [1 1 , 1 4, 15] . As with the labrum, the appearance of these folds is influenced by humeral-head rotation [1 0, 14, 15] . The bicipital groove can be readily identified; however, the tendon within it cannot be distinguished from surrounding cortical bone or the transverse humeral ligament. A small region of bright signal is occasionally seen within the intertubercular sulcus, either adjacent to or surrounding the biceps tendon. The tendons of the subscapulans, infraspinatus, and teres minor muscles are visible over their entire lengths. The vailable development of the three glenohumeral ligaments is indirectly evident by the extent of the subscapularis recess [10, 12] .
In the coronal plane ( Fig. 3) , the coracoclavicular ligament, acromioclavicular joint, and superior humeral-head articular cartilage are well seen. The transition from supraspinatus muscle to tendon is gradual [1 2] . Because the coronal plane traverses this junction obliquely, inhomogeneous medium signal intensity is seen above the humeral head, and the expected signal-void of the tendon is only evident at its most lateral extent. In the sagittal plane ( Fig. 4) , the oblique alignment of the physis is easily identified, and possible confusion arising from the inhomogeneity on axial scans is avoided. This plane also reveals the horizontal axis of the acromion and its relationship to the supraspinatus tendon. The oblique plane (Fig. 5) Fig. 3.-A-F L. Fig. 4.-A-H This article has been cited by:
